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摘要 
高等植物的开花过程是一个复杂的过程，期间受到众多因子的调控，如 CO、
FT、AP1 等。而其中 FT 和 AP1 两个基因在整个开花过程中起着至关重要的作用，
近几年的一些研究表明 FT 基因产物（mRNA 或者蛋白）可以通过长距离运输到
茎尖，并且在茎尖中可以和 FD 形成复合物调控 AP1 等的表达，进而控制开花。
本实验室王伟等人通过实验证明 FT 蛋白和 FT mRNA 都是开花素的主要成份，
它们二者需要协同运输，单独的 FT 蛋白或者 FT mRNA 都不能进行长距离运输，
并且内质网可能参与到了 FT 蛋白和 FT mRNA 的共同运输过程。本研究进一步
研究 FT 蛋白和 FT mRNA 在内质网上的定位，以及 FT 是怎样调控 AP1 蛋白质
的稳定性。 
首先，本研究以热激诱导 FT 表达的转基因植株 HSP:HA:FT:3’UTR ft-10 为
对象，利用蔗糖密度梯度离心的方法来研究 FT 蛋白和 FT mRNA 在细胞中的定
位，结果表明 FT 蛋白和 FT mRNA 均定位于内质网。在此基础上，本研究进一
步用各种高盐、强碱等试剂来处理提取的微粒体，然后检测 FT 蛋白和 FT mRNA
的分布，发现高盐、强碱都不能使 FT 蛋白从内质网膜上解离，证明 FT 蛋白定
位在内质网腔中；而 FT mRNA 在强碱处理后即被解离说明 FT mRNA 定位于内
质网外侧。所以，FT 蛋白和 FT mRNA 很有可能是通过内质网，协同运输到茎
尖诱导 AP1 的表达而促进开花。本实验进一步证明 FT 可以调控 AP1 蛋白的稳
定性。在 35S:AP1:HA 转基因拟南芥植株中可以检测到 AP1:HA 蛋白，但是杂交
到 ft-10 突变体背景中后却检测不到超表达 AP1:HA 蛋白的积累。利用泛素化抗
体进行检测发现 AP1 蛋白可以被泛素化，因此 FT 有可能调控 AP1 蛋白通过泛
素蛋白酶体途径。本研究进一步对 AP1 蛋白进行了不同区域的突变，发现只有
当 AP1 蛋白的 MADS-box 区域被删除后，超表达的 AP1 蛋白才能在 ft-10 背景
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Abstract 
The flowering of plants is a complecated process that is regulated by many 
factors,such as FT,CO and AP1.There’re some data indicate that the product of FT 
gene(mRNA and/or protein) may transport long distance form leaf to apex. And then 
FT protein can interact with another transcription factor FD in apex and activate the 
expression of floral meristem identity gene APETALA1(AP1). Wang wei’s experiment 
in our lab shows that FT protein and FT mRNA may are the main component of 
florigen and they must move together along with each other. Either FT protein or FT 
mRNA alone will not move from leaves to apex.Endoplasmic reticulum is involved in 
the transport of FT protein and FT mRNA. Based on Wang’s expriment, this 
expriment use the sucrose density gradient centrifugation and other metheds to 
explore the relationship between endoplasmic reticulum and FT protein and FT 
mRNA. The regulation of AP1 protein by FT is also investigated. 
    In this study, the  HSP::HA:FT:3’UTR ft-10 transgenic plant, which was 
induced to express FT by heat shock treatment , is used as the experimental material. 
With the technology of sucrose density gradient centrifugation, our results showed 
that FT protein and FT mRNA are localized to the ER. The microsomes were treated 
with high salt, alkali and detergent，and then FT protein and FT mRNA were detected 
in the supernatant and precipitation,respectively.We found that alkali treatments, 
which is effective in extracting most peripherally associated proteins, were unable to 
remove FT protein from the membranes.While FT mRNA were able to be removed 
from the microsomes with alkali treatement，but could not be removed completely in 
the presence of 50mM EDTA. So, these results suggested that FT protein and FT 
mRNA are located in the ER lumun and peripharally bound with the ER membrance, 
respectively. In this study, we further found that FT can regulate the stability of 
AP1:HA protein. AP1:HA protein could be  detected in 35S:AP1:HA plants,but not 
in 35S:AP1:HA ft-10 plants.Western-blotting performed  with anti-ubiquitin 
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regulate AP1 protein through ubiquitination.Only when the MADS-box was removed 
from AP1 protein ,could it accumulate in ft-10 plants. 
   In conculsion FT protein and FT mRNA are localized to the ER Compantment and 
FT proein can regulat AP1 protein through ubiquitination-proteasome pathway. 
 
Key words: FT；Endoplasmic Reticulum；AP1；ubiquitination 
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organ identity gene)，LFY还能直接激活AP1的表达。 
 
 
图 1  拟南芥开花途径的联系 
 
Fig.1 Outline of the four main flowering-time genetic pathways in Arabidopsis 
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